The wavelength of the 3.39-pm line of methane has been measured with respect to the K P 6057-8, standard by using a frequency-controlled Fabry-Perot interferometer. W e have exhaustively studied systematic offsets inherent in the experiment, including effects due to asymmetry of the Kr standard line. Lacking a convention relating the defined Kr wavelength 6057.802 105 8, to observables of the krypton line (e.g., center of gravity or fringe maximum intensity point), we report two methane wavelengths: X, ' The Zeeman coefficient is smalla (+ 0.31 pN), and the transition is free from first-order Stark shift.' Linewidths as narrow as 25 kHz have been achieved. This, together with the signal-to-noise ratio of several thousand attainable with laser radiation, results in an achieved' frequency stability of a few parts in 10". Line center has been shown' reproducible to better than lx 1 0 ' " . The selective-collision process in saturated absorption results in a pressure shift to broadening ratio of less than about 1 : 200 rather than the approximately 1:4 produced in van der Waals interactions. With a half-width half-maximum (HWHM) of 25 W z , the pressure broadening (of methane by methane) is 10 kHz/ mTorr, and the shift is c 50 Hz/mTorr. '
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The wavelength of the 3.39-pm line of methane has been measured with respect to the K P 6057-8, standard by using a frequency-controlled Fabry-Perot interferometer. W e have exhaustively studied systematic offsets inherent in the experiment, including effects due to asymmetry of the Kr standard line. Lacking a convention relating the defined Kr wavelength 6057.802 105 8, to observables of the krypton line (e.g., center of gravity or fringe maximum intensity point), we report two methane wavelengths: X, ' The laser-saturated absorption line of methane at 3.39 ym [the P(7) line of the us band] has been shown to have remarkable characteristics desired of radiation which might be used as a standard of length (or frequency). '
The Zeeman coefficient is smalla (+ 0.31 pN), and the transition is free from first-order Stark shift.' Linewidths as narrow as 25 kHz have been achieved. This, together with the signal-to-noise ratio of several thousand attainable with laser radiation, results in an achieved' frequency stability of a few parts in 10". Line center has been shown' reproducible to better than lx 1 0 ' " . The selective-collision process in saturated absorption results in a pressure shift to broadening ratio of less than about 1 : 200 rather than the approximately 1:4 produced in van der Waals interactions. With a half-width half-maximum (HWHM) of 25 W z , the pressure broadening (of methane by methane) is 10 kHz/ mTorr, and the shift is c 50 Hz/mTorr. '
These properties of the molecule and the saturation process, together with the laser's high intensity and spatial coherence, result in the 3.39-ym radiation having the most accurately measurable wavelength obtained to date. Thus it is of interest to measure the methane wavelength as accurately as possible in terms of the international standard of length, the meter, which is defined by the Kr" orange line at 6057.802 105 A.
Long before a consensus emerges on the optimum technical route for redefinition of the meter, we believe the precision measurement community will find the methane transition an attractive and useful wavelength reference. One example of the new precision measurement possibilities is the extension of the range of direct frequency measurements to the 3.39-ym line. ' This frequency value, taken with the presently reported wavelength determination, results in a definitive value for the speed of light as reported h e r e and discussed elsewhere. @
The methane-stabilized laser used in this measurement had an intracavity methane absorption cell. The 10-mTorr pressure of methane in the cell together with the laser mode radius of 0.75 m m resulted in a saturation peak with an intensity of 3% of the laser power and a half-width half-maximum of 300 kHz (1X 1 0 ' ' cm", line 8 of 1 . 4~ 10')). Thus, the desired measurement ac - a point on the line, and to hold the systematic e r r o r s associated with this point, to a few parts in 10' as has been done in our measurements. As a precaution against an unknown systematic e r r o r being associated with our lamp, we have compared the 6057-A line from our lamp with that from a lamp loaned to us by another laboratory.@ The two wavelengths were offset by 1 f 2.5 parts in l o ' , well within the accuracy limit for these lamps. TO make such precise measurements, it is essential to deal effectively with the small asymmetry of the krypton emission-line profile.
We have developed and used for the measurement reported here a new interferometry technique' wherein the interferometer length is servo controlled to be p r ecisely a whole number of wavelengths of 3.39-Pm laser radiation coming from a local -oscillator laser, which in turn is frequency-offset locked' from the methanestabilized laser. The frequency of this radiation (and thus the interferometer length) is scanned in the desired manner with a stability nearly equal to that of the methane-stabilized laser. With this technique we have obtained reproducible fringe -pointing precisions of 2 X l r 5 order for the methane line, making i t possible to accurately measure the various systematic effects inherent in interferometry.
The measurement system is indicated in Fig. 1 (15-20 cm) giving optimum performance with the K r line. For short cavities, the local -oscillator frequency could not be scanned over a full spectral range of the cavity. Therefore, the motion of the 2-in. -diam scanning flat was controlled with three 30-cm-long servo cavities formed between three spots near the edge of the flat and three small spherical mirrors spaced at 120" around the circumference of the Invar frame. The measurement cavity was formed between the 2-in. -diam flat and a 1i-in. -diam flat which could be translated to the desired interferometer length and adjusted for parallelism inside the vacuum chamber. With the f 250-MHz tuning range of our local oscillator, this allowed the interferometer to be scanned over about one order for methane radiation and nearly six orders for visible radiation. The interferometer length was modulated at 5 Hz, and first-derivative detection was used for fringe pointing. Servo techniques used are indicated in Fig. 1 Using the precision capability of the frequency-controlled interferometer, it has been possible to carefully measure a radial dependence of the Doppler shift across the K r discharge capillary, as well as the spacerdependent change of the effective wavelength due to asymmetry. Indeed, in our experiment the Dopplershift radial variation was more apparent than is usual, '' since our technique of lamp observation accepted only light which emerged parallel to the capillary axis and mapped this into the interferometer so that it was parallel to the interferometer axis; this preserved a radial variation of the Doppler shift at the interferometer. In the usual method of observation a light ray at any radius of the interferometer contains light originating at nearly all radii of the discharge; thus all light rays have approximately the same Doppler shift"
( 1 . 3 1~ lo-' cm-'), which is the weighted a v e n g e over the full discharge bore.
In calculating the necessary Kr wavelength corrections we have assumed that (a) the krypton line asymmetry may be modelled by a doublet" and (b) the radially dependent Doppler shift has a smooth form with the intensity-weighted average given by previous studies. I ' The line shape" assumed was Fringe shifts were calculated by folding the asymmetric K r line shape with the appropriate interferometer fringe -intensity function to give the asymmetric fringe intensity Zasym(T) as a function of interferometer length T. Another fringe intensity I sym( T) was calculated for a symmetric K r line located at some reference point on the asymmetric Kr line (for instance, the maximum intensity). l5 The shift in T of the maximum intensity points of the simulated fringes we denote by c, which typically was a few times ~O-'XK,/Z. From the wavelengths uncorrected for asymmetry, a set of ideal c's for the virtual spacers was determined which would entirely remove the apparent CH, wavelength variation with interferometer length and aperture. The c's calculated with the above asymmetry model were within about $ X 10' ' XK,/2 of these ideal 8 s for all apertures and spacers. Our CH, wavelength variations
were reduced by about an order of magnitude by this K r asymmetry correction.
Wavelengths for all virtual spacers and apertures are shown in Fig. 2 Without asymmetry corrections, the aperture averages deviate from the total average by only about 2X lo", and the total average is offset from Xo by only -4 . 1 X lo ''. Despite these small offsets of the wavelength averages, the largest deviations" of the X's is about 1 . l X lo-' and the small offset of the average A from Xo is only due to the choice of spacers used. This is indicated also by the large standard deviation u of 2 1 . 6~ lo-'
With the inclusion of asymmetry corrections, the largest single deviation is reduced to less than IO-' and the standard deviation to u = 9.3X lom5 (u/X = 2.7
X 10-7. Use of the Doppler AX(r) correction has i mproved the aperture average X variation somewhat, but a better hypothetical distribution of velocities in the discharge could probably be found to further reduce this variation.
Our final value A. for the CH, wavelength, obtained using the asymmetry discussed above, depends upon how the defined K r wavelength (6057.802 105 A) is applied to the line. Since the intrinsic asymmetry of the K r emission line was discovered only after the meter definition was adopted in 1960, it is necessary to adopt a further convention relating the defined wavelength to the observables of the line. We shall consider two possibilities: (i) The defined wavelength applies to the asymmetric -line maximum-intensity point, o r (ii) it applies to the center of gravity point.
corresponds to theo maximum intensity, we obtain 
